Apyrases, enzymes which hydrolyze ATP (adenosine triphosphate to form AMP (adenylic acid) and orthophosphate, have been described in potato (11) and citrus fruits (1) . A phosphatase which will specifically dephosphorylate AMP has been found in potato (18) ; however, non-specific phosphatases will also dephosphorylate this compound (2) . Enzymes specifically dephosphorylating yeast adenylic acid (A3P) are known in rye grass, wheat leaves, and barley (31) . Nucleosidases which will hydrolyze adenosine to adenine have been demonstrated in potato (7) , in wheat (29) , and in soy bean leaves (22) . This paper describes the enzyme complex in the cytoplasm of cabbage leaves which is capable of the breakdlown of ATP to adenine. The route of breakdown appears to procee(l to AMP by an apyrase reaction, followed by a dephosphorylation andl hydrolysis to yield adenine. Two apyrases are present in the cytoplasm. An apyrase associated with the washed cytoplasmiiic particles has been foundl that is distinct from the apyrases of the soluble fraction.
MATERIALS AND METHODS PREPARATION OF ENZY-MES:
Cabbage heads were purchased at local nmarkets. The leaves were separated andl washed with (listilled water and stored in cellophane bags at 40 C. The leaves were used within 7 days of purchase. All of the following operations were carried out in the cold. The large midribs were removed and the leaf blades were cut into small pieces and blended with an equal volume of cold 0.5 MI sucrose in a Waring blendor for 30 to 60 seconds with a voltage regulator control set at 60 to 80 volts. The blendor was rocked during this period to get all the leaf material into the blades. The homogenate was strained through cheesecloth and then centrifuged for 5 minutes at 1000 X G. The sediment wvas discarded and the suspension centrifuged for 20 Pathway froml AMP to adenine: The breakdown of AMP to adenine could proceed either by a dephosphorylation to adenosine followed by a hydrolvsis (7, 22, 29) or phosphorolysis (13) to adcenine or by a direct hydrolysis (9) or phosphorolysis (16) pH to adenine, and a sufficient concentration of adenosine necessary for visualization on a paper chromatogram would never be accumulated. Roberts (29) has shown with wheat leaf preparations that incubation with AMP forms small amounts of adenosine compared to adenine, and concludes that the pathway from AMP to adenine in this tissue is via adenosine. Second, at pH 8.1 AMP is not dephosphorylated, and concomitantly no adenosine or adenine is found. However, adenosine is hydrolyzed at this pH. It would seem to imply that the phosphate group must be removed before further hydrolysis can occur.
Third, no R5P has been found as a product of the reaction either by paper chromatography, or by use of a linked enzyme system composed of transketolase, phosphoribose isomerase, phosphotriose isomerase, and a-glycerophosphate dehydrogenase (8) .
Specificity of the nucleosidase: Incubation of LC with different nucleosides, followed by paper chromatography revealed that only adenosine was hydrolyzed to adenine by cabbage LC. Uridine, inosine, xanthosine, and guanosine were untouched. The reaction was run in phosphate buffer to include a test for the presence of a nucleoside phosphorylase (13) also. These results are similar to those found with wheat leaves (29) in that only adenosine was hydrolyzed. 
MAZELIS-ENZYMATIC DEGRADATION OF ATP
Soy bean leaves possess systems capable of hydrolyzing both pyrimidine and purine nucleosides (22) .
pH optima of apyrase and AMPase actizity:
Two apyrases have been found, one with an acid p11 optimum requiring no metal ion, and the other an alkaline pH optimum and needing Mg+ + for activity. Figure 1 shows the curves of activity against pH for the apyrases. Each curve is a different experiment. Two inorganic pyrophosphatases (P-Pase) were also present with similar pH optima and metal requirements to the apyrases. Certain differences between the acid apyrase and P-Pase in their response to pH were observed. On the acid side the pH optimum for the P-Pase was approximately 4.6 and for the apyrase was approximately 5.0. The breakdown of ATP had a broader peak than the curve for P-P hydrolysis. Above neutrality there was a very sharp drop in activity. Addition of Mg+ + activated the breakdown of both P-P and ATP by enzymes having pH optima at 8.7.
The dephosphorylation of AMP reached an optimum in the region from pH 5.0 to 5.5. Above neutrality the activity dropped to low levels and could not be restored by Mg+ +. Metal effects on apyrase: Table I shows that only Mg+ + activated the apyrase in the alkaline region. An interesting observation is the inhibition of apyrase activity by Mg+ + at neutral pH. Replicate experiments showed that 0.01 M Mg+ + inhibited the apyrase activity from 38 to 55 % at pH 6.9. P-Pase was not affected under these conditions. Below pH 6.9 there was little inhibition by Mg+ + or Ca +.
Inhibition stuidies of apyrase: Apyrase activity was inhibited 90 % by 10-' M molybdate at pH 6.9 or lower. At the acid and alkaline optima for the apyrases, 5 X 10-2 F-is very good as an inhibitor. Incubation of the enzyme preparation with EDTA (ethylenediaminetetraacetic acid) for 15 minutes prior to addition of the substrate had no effect on the acid apyrase. At neutral pH the effect of added F-decreased. Only 60 % inhibition was obtained with the same concentration of F-which gave 90 % inhibition at the acid and alkaline optima.
Specificity of LC for phosphate and pyrophosphate esters: Table II Magnesium ion and effect of inhibitors: Table  IV shows the effects of addition of Mg+ +, F-, molyb-(late, and EDTA on the apyrase activity at different (21) , and chick embryos (32). Rafter (27) has recently shown that mouse liver particles possess pyrophosphatase activity. Since all isolated enzymatic reactions must eventually be integrated into the physiology of the cell as a whole, one is justified in speculating as to the function these particular enzymes perform in the economy of the cell.
It is difficult to conceive a role for the presence of apyrase in both soluble and insoluble cell fractions at the present time. A role for apyrase in the fermentation of yeast was shown by Meyerhof (20) . The function of the apyrase was to provide a phosphate acceptor at the 1,3-diphosphoglyceric acid step. Engelhardt (6) believes that this role of apyrase must be considered in all those cases where adenylic nucleotides are involved as phosphate acceptors and not as an energy source. Racker (26) has made the interesting speculation that the non-specific phosphatase activities of cell-free preparations may (15), and flavin-adenine dinucleotide (30) ; the activation of acetate (10) , sulfate (4, 28) , and carbon dioxide (3); the formation of intermediates in carbohydrate (23) and phospholipid (14) synthesis are all examples in which P-P is an end-product. Often the equilibrium is unfavorable for synthesis, and the hydrolysis of the P-P formed could be used to drive the reaction to completion. 
LITERATURE CITED
The large sporangiophores of Phycomyces (Order Mucorales) have long been favorite objects for research in several areas of fungus physiology. However, these asexual reproductive structures differ greatly in development from the vegetative mycelium, and none of the information now available on the nutritional requirements and metabolism of entire Phycomyces colonies applies to the sporangiophores themselves.
In order to achieve an understanding of the metabolic processes involved in the growth and tropistic responses of sporangiophores, it seemed imperative to study these structures separately from the mycelium.
The feasibility of removing Phycomyces sporangiophores intact from the mycelium has been mentioned several times in the literature. Laurent (13) determined certain osmotic quantities of isolated sporangiophores. Burgeff (3) excised sporangiophores for his hybridization experiments, and thought that they remained turgid because the basal ends were apparently plugged with cytoplasm. Grehn (8) made a few observations on the growth of isolated Phycomyces sporangiophores as part of his studies on the sporangiophores of several nmucoraceous fungi. Isolated immature sporangiophores placed horizontallv on malt agar blocks, with their bases and apical portions in air, stopped growing for a few hours due to "wound shock," but then resumed growth by first forming sporangia. The morphology of these specimens was nornmal, and there wvas no regeneration of mycelium 'Received revised manuscript October 6, 1958. 2 Aided by a postdoctoral fellowship grant from the American Cancer Society.
at the base; their phototropic and geotropic sensitivity was retained. In a parallel experiment with an isolated sporangiophore wedged between agar blocks (basal and apical portions in air) Grehn found that the growth rate was reduced by almost 50 % when compared with that of intact sporangiophores, and that the final length (61 mm at 39 hours after resumption of growth) was less than normal (98 mm in 32 hours). No other data are given. Grehn thought that sporangiophores treated in the manner described must obtain all their nutrients and water through the cell wall, which was somewhat lighter and more transparent at the contact area. He speculated that a lack of water might be an important, although not necessarily the sole cause of the reduction in growvth. When isolated sporangiophores were embedded in small gypsum blocks placed on nutrient agar most of them produced branches after 18 to 24 hours. Isolated sporangiophores were used by Roelofsen (14) in his "iron lung" experiments, and by Johannes (10) in work on vital staining with fluorescent dves. Other reports in the literature indicate that intact sporangiophores of Pilobolus, a genus related to Phycomyces, can also be removed from the myceliumii. For instance, Biinning (2) studied the elastic extension of the cell wall of isolated sporangiophores of Pilobolus kleinii.
However, in none of this work, apart from Grehn's limited observations, %vere the isolated sporangiophores actually grown, nor were they maintained for any length of time.
In preliminary experiments the author (9) found that isolated Phycomyces sporangiophores could be grown for a considerable time on water or other liquicl substrates. This finding, recently confirmed
